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(54) Dental materials packaging and method of use 



(57) The invention provides a storage stable dental 
composition comprising a volatile organic solvent and a 
polymerizable material enclosed by a package, which 
includes a closure, such as a cover or plug and a con- 
tainer made of a copolymer of a cyclooiefin and an open 
chain olefin. In accordance with an embodiment of the 



invention is provided a stored packaged dental product 
by the process including: enclosing a dental composi- 
tion in a package with at least a substantial portion of 
an injection molded thermoplastic copolymer of a cy- 
clooiefin and an open chain olefin, and storing the dental 
composition in the package for at least 1 week. 
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Description 

[0001] This is a continuation-in- part of U.S. Patent 
Application Serial Number 09/340,096 filed June 25, 
1999 (Case KON-124). 

[0002] The invention relates to packaged denial com- 
positions and methods of use thereof. The invention pro- 
vides a storage stable packaged dental compositions 
having one or more volatile components and methods 
of use thereof. In accordance with the invention is pro- 
vided a storage stable packaged dental compositions 
having one or more volatile components such a polar 
organic solvent and/or low molecular weight monomer. 
[0003] One major problem with prior art injection 
molded packaging of dental compositions having one or 
more volatile components is the loss of a major portion 
of the volatile components from the dental compositions 
during storage. When the stored dental compositions 
with effectively reduced volatile components are used 
the originally available results are not provided. Thus, 
for example, dental adhesive and/or primer composi- 
tions stored in prior art injection molded packaging loose 
much, if not all, of their capacity for adhesion and/or 
priming. Other problems with prior art injection molded 
packaging of dental compositions include weight de- 
crease of the polymeric material while enclosing the 
dental composition due to diffusion of components of the 
polymeric material from the polymeric material, and may 
cause contamination of the dental composition by com- 
ponents of the polymeric material. A weight increase of 
the polymeric material while enclosing the dental com- 
position may be due to infusion of water from ambient 
humidity and/or solvent (or other components) from the 
polymeric material. Thus, a weight increase of the pol- 
ymeric material may be indicative of a loss of solvent 
from the dental composition and/or water contamination 
of the dental composition. When the stored dental com- 
positions (with effectively contaminated and/or depleted 
components) are used, the originally available results 
are not provided. These problems of prior art injection 
molded packaging of dental compositions are solved by 
the present invention. 

Background of the invention 

[0004] To ensure proper functioning of dental materi- 
als, they need to be protected from undergoing changes 
during storage. These changes of material may occur if 
external substances (e.g. moisture) penetrate the dental 
materials, or if parts of the dental materials (e.g. sol- 
vents) vanish. Therefore a suitable packaging is needed 
to prevent both intrusion of moisture into the dental ma- 
terials and evaporation of solvent or other vital parts of 
the dental materials. Several ways of packaging have 
been tried, mostly using laminate materials consisting 
of different polymers. However, particularly for very 
small containers of dental materials (e.g. single unit dos- 
age containers), laminate materials are not a viable so- 



lution as they are too difficult to shape and process. 
[0005] It is an object of the invention to provide a stor- 
age stable dental composition comprising a volatile or- 
ganic solvent and a polymerizable material enclosed by 

5 a package, which includes a closure such as a cover or 
plug, and a container comprising a copolymer of a cy- 
cloolefin and an open chain olefin. 
[0006] It is an object of the invention to provide a stor- 
age stable dental composition comprising a volatile or- 

10 ganic solvent and a polymerizable material enclosed by 
a package, which includes a notched container compris- 
ing a copolymer of a cycloolefin and an open chain ole- 
fin. 

[0007] It is an object of the invention to provide a 
15 stored packaged dental product by the process includ- 
ing: enclosing a dental composition in a package with at 
least a substantial portion of an injection molded ther- 
moplastic copolymer of a cycloolefin and an open chain 
olefin, and storing the dental composition in the package 
20 for at least 1 week. 

[0008] It is an object of the invention to provide a 
stored packaged dental product by the process compris- 
ing: enclosing a dental composition including a volatile 
organic solvent in a package, at least a substantial por- 
25 tion of the package comprising thermoplastic polymer 
having a high chemical resistance and barrier capability 
toward polar organic solvents and water. After storing 
the dental composition in the package for at least two 
weeks at 37°C at least 90 percent of the volatile organic 
30 solvent remains in the package. 

[0009] As used herein open chain olefins are noncyc- 
lic olefins and include linear open chain olefins, straight 
chain olefins, branched chain olefins and branched 
open chain olefins. Open chain olefins are not closed 
35 chain olefins or ring olefins. Linear open chain olefins 
are most preferred open chain olefins for use in making 
copolymer for use in accordance with the invention. 
[0010] As used herein volatile component refers to a 
component (of a dental composition) having vapor pres- 
to sure more than that of water at 20 °C. 

[001 1 ] As used herein volatile polar solvents refers to 
polar solvents, such as water, ethanol and acetone, 
which are at least as volatile as water at 20 °C. 
[0012] As used herein volatile organic solvents refers 
45 to organic solvents, such as ethanol and acetone, which 
are more volatile than water at 20 °C . 
[0013] As used herein moderately volatile organic sol- 
vent refers to an organic solvent, such as ethanol, which 
is more volatile than water, but not more volatile than 
50 ethanol i.e. vapor pressure more than that of water at 
20 °C, but less than or equal to 43 mm Hg at 20 °C. 
[0014] As used herein very volatile organic solvent re- 
fers to an organic solvent, such as acetone, which is 
more volatile than ethanol i.e. vapor pressure morethan 
55 43 mm Hg at 20 °C . 

[0015] As used herein high permeability barrier capa- 
bility for water (and high water barrier capability) refers 
to polymeric material having a water vapor permeability 
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below 0.07 g (mm)(m- 2 )(d' 1 ) measured by DIN 531 22 at 
23°C and 85 percent relative humidity. 
[0016] As used herein high penetration barrier capa- 
bility for solvent of a polymeric material toward polar or- 
ganic solvents refers to less than 2 percent by weight 
loss of polar organic solvents from a composition having 
at least 5 percent by weight of polar organic solvent(s) 
while enclosed in the polymeric material for at least two 
weeks at 37°C. 

[0017] As used herein very high penetration barrier 
capability for solvent of a polymeric material toward po- 
lar organic solvents refers to less than 0.5 percent by 
weight loss of polar organic solvents from a composition 
having at least 5 percent by weight of polar organic sol- 
vents) while enclosed in the polymeric material for at 
least two weeks at 37°C. 

[0018] As used herein high penetration barrier capa- 
bility for water of a polymeric material toward water and 
humidily refers Lo a less than 3 percent by weight in- 
crease of a composition due to infusion of water through 
the polymeric material while the composition is enclosed 
in the polymeric material for at least two weeks at 37°C. 
[0019] As used herein very high penetration barrier 
capability for water of a polymeric material toward water 
and humidity refers to a less than 1 percent by weight 
increase of a composition due to infusion of water 
through the polymeric material while the composition is 
enclosed in the polymeric material for at least two weeks 
at 37°C. 

[0020] As used herein high chemical resistance of 
polymeric material refers to polymeric material having 
both a less than 3 percent by weight increase of the pol- 
ymeric material and a less than 0.5 percent by weight 
decrease of the polymeric material while the polymeric 
material is immersed in water and /or solvent for at least 
two weeks at 37°C. A weight decrease of the polymeric 
material while enclosing a dental composition (and/or 
immersed in water and/or solvent) may be due to diffu- 
sion of components of the polymeric material from the 
polymeric material, and may cause contamination of the 
dental composition by components of the polymeric ma- 
terial. A weight increase of the polymeric material while 
enclosing a dental composition and/or immersed in wa- 
ter and/or solvent may be due to infusion of water and/ 
or solvent into the polymeric material, and may indicate 
that the polymeric material allows loss (or gain) of sol- 
vent from the dental composition and/or water contam- 
ination of a dental composition. 

[0021 ] As used herein low molecular weight monomer 
refers to an acrylic monomer such as methyl methacr- 
ylate having a gram molecular weight less than 150. 
[0022] As used heroin single unit dosage refers to vol- 
umes of a dental composition between 0.01 and 1 ml. 

SUMMARY OF THE DRAWINGS 

[0023] FIGURE 1 is a perspective view of a covered 
container in a holder for use in accordance with the in- 



vention. 

[0024] FIGURE 2 is a perspective view of a container 
in a holder being uncovered for use in accordance with 
the invention. 

5 [0025] FIGURE 3 is a perspective view of an uncov- 
ered container in a holder being used to dispense dental 
material in accordance with the invention. 
[0026] FIGURE 4 is a cross-sectional side view of a 
container for use in accordance with the invention. 

w [0027] FIGURE 5 is a side view of a container for use 
in accordance with the invention. 

[0028] FIGURES 6 through 8 are cross-sectional side 
views of a notched container and plug for use as a pack- 
age in accordance with the invention. 

75 

SUMMARY OF THE INVENTION 

[0029] The invention provides a storage stable dental 
composition comprising a volatile organic solvent and a 

20 polymerizable material enclosed by a package, which 
includes a closure, such as a cover or plug, and a con- 
tainer. The container and plug are preferably made of a 
copolymer of a cycloolefin and an olefin. In a preferred 
embodiment of the invention, the container is notched. 

25 Preferably a thermoplastic polymeric packaging made 
of a copolymer of a cycloolefin and an open chain olefin 
is used. Copolymer of a cycloolefin and an olefin com- 
bines ease of processing by injection-molding with prop- 
erties giving protection of the dental materials by high 

30 barrier capability and chemical resistance to water and 
polar organic solvents, such as acetone. Furthermore, 
containers made from copolymer of a cycloolefin and an 
olefin may he sealed by plugging with a plug or by ther- 
mal welding with a laminate plastic foil. The invention 

35 provides a stored packaged dental product by the proc- 
ess comprising: enclosing a dental composition in a 
package, at least a substantial portion of the package 
comprising thermoplastic polymer having a high barrier 
capability and chemical resistance to water and polar 

•40 organic solvents. Preferably the thermoplastic polymer 
has high penetration barrier capability for solvent toward 
polar organic solvents and a high water barrier capabil- 
ity. After storing the dental composition in the package 
for at least two weeks at 37°C at least 90 percent of the 

-*5 volatile organic solvent remains in the package. 

[0030] The invention to provide a stored packaged 
denial product by the process including; enclosing a 
dental composition in a package with at least a substan- 
tial portion of an injection molded thermoplastic copoly- 

50 mer of a cycloolefin and an open chain olefin, and stor- 
ing the dental composition in the package for at least 1 
week. 

DETAILED DESCRIPTION OF THE INVENTION 

55 

[0031] The invention is now described in reference to 
FIGURES 1 through 8. With more particluar reference 
to FIGURES 1 through 5 is seen storage stable dental 
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composition packaging system 10 having a package 12 
^nd a volatile dental composition 1 4. The volatile dental 
omposition 1 4 is enclosed by package 1 2. Package 1 2 
eludes container 16 and cover 18. Container16 is 
ladeof a copolymer or a cycloolefin and an olefin. Den- 
ial composition 14 comprises a volatile organic solvent 
and a polymerizable material. The storage stable dental 
composition packaging system is stored for weeks, 
months or even years without significant loss of volatile 
organic solvent from dental composition 14 in closed 
package 12. In use container 16 is placed in holder 20 
and uncovered for use by pealing cover 18 from con- 
tainer 16, as shown in FIGURE 2. The user dispenses 
dental material by dipping applicator 22 into uncovered 
container 1 6, for example while container 1 6 is support- 
ed in a holder 20 supported on a horizontal surface 24, 
as shown in FIGURE 3. 

[0032] With more particluar reference to FIGURES 6 
through 8 is seen storage stable dental composition 
packaging system 110 having a plugged package 112 
and a volatile dental composition 114 ; FIGURES 6 
through 8 show the plugging progression with the plug 
shown priorto (FIGURE 6) during (FIGURE 7) and after 
(FIGURE 8) plugging container 11 6. The volatile dental 
composition 114 is enclosed by plugged package 112. 
Plugged package 112 includes container 116 and plug 
118. Container 116 has notch 126 formed by beveled 
faces 1 22 and 1 24. Notch 1 26 forms a groove which cir- 
cumscribes container 116. Notch 126 marks the transi- 
tion from base portion 1 28 of container 1 1 6 to top portion 
130 of container 116. Container 116 is made of a copol- 
ymer of a cycloolefin and an olefin. Dental composition 
114 comprises a volatile organic solvent and a polym- 
erizable material. The storage stable dental composition 
packaging system is stored for weeks, months or even 
years without significant loss of volatile organic solvent 
from dental composition 114 in plugged package 112. 
For use. container 116 is preferably held vertically so 
that the volatile dental composition 114 is in the base 
portion 128, and base portion 128 is positioned below 
the top portion 130. Then container 116 is then broken 
at notch 126. The base portion 128 is placed in holder 
20 for use. The top portion 130 and plug 118 are dis- 
carded. The user dispenses dental material by dipping 
applicator 22 into the base portion 128 : for axample 
while the base portion 1 28 is supported in holder 20 sup- 
ported on a horizontal surface 24, in the same manner 
as the container shown in FIGURE 3. 
[0033] Exemplary thermoplastic polymeric cycloole- 
fin- olefin-copolymer useful for storage stable packaging 
of dental composition in accordance with the invention 
are disclosed in EP 407,870: EP 156,464 and EP 
283, 1 64. Thus each discloses copolymers of cycloolefin 
and olefin useful for making containers and closures 
such as a covers and plugs, for use in accordance with 
the invention. The discloures of EP 407,870; HP 
156,464 and EP 283,164 arc each hereby incorporated 
herein by reference each in its entirety. 



[0034] Copolymer of cycloolefin and open chain olefin 
useful for storage stable packaging of dental composi- 
tion in accordance with the invention have the following 
properties: thermoplasticity, suitable for injection-mold- 
5 ing, high moisture-barrier capability, high barrier capa- 
bility towards organic solvents, high chemical resist- 
ance, high rigidity, and suitability for sealing with lami- 
nate foil via thermal welding or ultrasonic welding. Pre- 
ferred copolymers of cycloolefin and open chain olefin 
10 for use in accordance with a preferred embodiment of 
the invention are copolymers of norbornene and ethyl- 
ene for example the norbornene-ethylene-copolymer 
sold by Ticona GmbH as Topas 6013. Topas 6013 nor- 
bornene-ethylene-copolymer has the following proper- 
15 ties: thermoplasticity, can be processed on conventional 
injection molding machines; high moisture vapour bar- 
rier: permeability of 0.035 (g )( mm/m 2 )( 24 hours) at 
23°C, 85% relative humidity, high barrier capability to- 
wards polar organic solvents such as acetone , high re- 
20 sistance towards water, strong acids and bases, and po- 
lar organic solvents such as methanol, ethanol and ac- 
etone, high rigidity: yield stress of 66 MPa, tensile mod- 
ulus of 3200 MPa and suitable for sealing with laminate 
foil via thermal welding. 
25 [0035] In accordance with a preferred embodiment of 
the invention is provided a storage stable dental com- 
position comprising a volatile organic solvent and a po- 
lymerizable material enclosed by a package, which in- 
cludes a cover and a container comprising a copolymer 
30 of a cycloolefin and an olefin. Preferably the package 
has an open end sealed closed by a cover. Preferably 
the cover comprises a metal foil, a thermoplastic layer 
and a lacquer coating. Preferably the packaged dental 
composition is stored at about 23°C for at least one year 
35 and at least 80 percent of the volatile organic solvent 
remains in the package. Preferably the storage stable 
packaged dental composition is stored at about 23 °C 
for at least two years and at least 90 percent of the vol- 
atile organic solvent remains in the package. Preferably 
40 the storage stable packaged dental composition is 
stored at about 23°C for at least two years and at least 
95 percent of the volatile organic solvent remains in the 
package. Preferably the volatile organic solvent of the 
storage stable packaged dental composition comprises 
45 acetone. Preferably the storage stable packaged dental 
composition is at least 20 percent by weight acetone 
both before and after storage at about 23 °C for two 
years and at least 95 percent of the volatile organic sol- 
vent remains in the package after the storage. Prefera- 
so bly the storage stable packaged dental composition is 
at least 20 percent by weight acetone both before and 
after storage at about 23 °C for one year and at least 90 
percent of the acetone remains in the package after the 
storage. Preferably the storage stable packaged dental 
55 composition is at least 40 percent by weight acetone 
both before and after storage at about 23 °C for two 
years and at least 95 percent of the volatile organic sol- 
vent remains in the package after the storage. Prefera- 
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bly the storage stable packaged dental composition is 
at least 40 percent by weight acetone both before and 
after storage at about 23 °C for one year and at least 90 
percent of the acetone remains in the package after the 
storage. Preferably the storage stable packaged dental 
composition is at least 50 percent by weight acetone 
both before and after storage at about 23 °C for two 
years and at least 95 percent of the volatile organic sol- 
vent remains in the package after the storage. Prefera- 
bly the storage stable packaged dental composition is 
at least 50 percent by weight acetone both before and 
after storage at about 23°C for one year and at least 90 
percent of the acetone remains in the package after the 
storage. 

[0036] In accordance with a preferred embodiment of 
the invention is provided a storage stable packaged 
dental composition wherein the dental composition 
comprising a solvent and a polymerizable material is en- 
closed by a conLainer comprising a copolymer of a cy- 
cloolefin and an olefin, the dental composition, the pack- 
aged dental composition is at least 1 0 percent by weight 
solvent both before and after storage at about 43°C for 
one week, and at least 99 percent of the solvent remains 
in the package after storage. Preferably at least 99.5 
percent of the solvent remains in the package after stor- 
age. More preferably at least 99.8 percent of the solvent 
remains in the package after storage. Most preferably 
the solvent is a volatile organic solvent and at least 99.9 
percent of the solvent remains in the package after stor- 
age. 

[0037] In accordance with a preferred embodiment of 
the invention is provided a method of storing polymer- 
izable material, comprising: providing a dental compo- 
sition and a package, the package substantially enclos- 
ing the dental composition, the dental composition com- 
prising a polar organic solvent at least a portion of the 
package comprising a thermoplastic polymer compris- 
ing a copolymer of a cycloolefin and an olefin and having 
a high penetration barrier capability for water and sol- 
vent and high chemical resistance, whereby when the 
dental composition is stored at about 23°C in the pack- 
age for at least two years and at least 90 percent of the 
polar organic solvent remains in the package. Prefera- 
bly the dental composition, initially comprises at least 
10 percent by weight of the solvent before storage at 
about 43°C for one week and at least 99 percent of the 
solvent remains in the package after the storage. More 
preferably the dental composition, initially comprises at 
least 15 percent by weight of solvent before storage at 
about 43°C for one week and at least 99.8 percent of 
the solvent remains in the package after storage. 
[0038] In accordance with a preferred embodiment of 
the invention is provided a packed dental product, com- 
prising: a package substantially enclosing a dental com- 
position comprising a solvent. The package comprising 
a container and a plug. The container and plug each are 
molded from a thermoplastic copolymer of a cycloolefin 
and an olefin and having a high permeability barrier ca- 



pability for water and high chemical resistance. When 
the dental composition is stored at about 23 °C in the 
package for at least two years and at least 99 percent 
of the dental composition remains in the package. Pref- 

s erably the container and the plug are injection molded. 
Preferably the package has a longest dimension less 
than 4 cm. Preferably the container has a longest di- 
mension less than 2 cm. Preferably the container and 
the plug each comprises a thermoplastic copolymer of 

10 a cycloolefin and an open chain olefin having a high per- 
meability barrier capability for water and high chemical 
resistance towards both water and the solvent. Prefer- 
ably the copolymer has a permeability to water of less 
than 0.07 (g ) (mm/m 2 )(24 hours) at 23°C and 85% rel- 

15 ative humidity. More preferably the copolymer has a per- 
meability to water of less than 0.05 (g )( mm/m 2 ) (24 
hours) at 23°C and 85% relative humidity. 
[0039] In accordance with a preferred embodiment of 
the invention is provided a packed dental product, com- 

20 prising: a package substantially enclosing a dental com- 
position comprising a solvent. The package comprising 
a container and a cover. At least a portion of the con- 
tainer comprises a thermoplastic copolymer of a cy- 
cloolefin and an olefin and having a high permeability 

25 barrier capability for water and high chemical resist- 
ance. The cover comprises a metal foil. When the dental 
composition is stored at about 23°C in the package for 
at least two years and at least 99 percent of the dental 
composition remains in the package. Preferably the cov- 

30 er comprises a polymeric film, such as polyethylene or 
polypropylene laminated to the metal foil. Preferably the 
cover comprises a molded member, sheet, film or coat- 
ing of thermoplastic polymer comprising a copolymer of 
a cycloolefin and an olefin and having a high perinea- 
ls bility barrier capability for water and high chemical re- 
sistance. Preferably the container is injection molded. 
Preferably the package has a longest dimension less 
than 4 cm. Preferably the container has a longest di- 
mension less than 2 cm. Preferably the cover comprises 

40 a thermoplastic polymer comprising a copolymer of a 
cycloolefin and an open chain olefin and having a high 
permeability barrier capability for water and high chem- 
ical resistance towards both water and the solvent. Pref- 
erably the copolymer has a permeability to water of less 

45 than 0.07 (g ) ( mm/m 2 )(24 hours) at 23°C and 85% rel- 
ative humidity. More preferably the copolymer has a per- 
meability to water of less than 0.05 (g )( mm/m 2 )(24 
hours) at 23°C and 85% relative humidity. 
[0040] In accordance with a preferred embodiment of 

50 the invention is provided a stored packaged dental prod- 
uct by the process comprising: enclosing a dental com- 
position in a package, at least a substantial portion of 
the package comprising thermoplastic polymer having 
a high resistance toward polar organic solvents' and a 

55 high water barrier capability, and storing the dental com- 
position in the package for at least two weeks at 37°C 
and after the two weeks at least 90 percent of the volatile 
organic solvent remains in the package. Preferably the 
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package includes a molded portion and a laminated por- 
tion. Preferably the package is made by sealing a mold- 
ed portion to a laminated portion. Preferably the ther- 
moplastic polymer of the molded portion is injection 
molded and has an average thickness from about 0.4 
mm to about 6 mm. More preferably the injection molded 
thermoplastic polymer has an average thickness from 
about 0.6 mm to about 4 mm. Most preferably the injec- 
tion molded thermoplastic polymer has an average 
thickness from about 0.8 mm to about 3 mm. Preferably 
the thermoplastic polymer is a copolymer of a cycloole- 
fin and an open chain olefin. The open chain olefin is 
preferably a straight open chain olefin or a branched 
open chain olefin. The open chain olefin of the copoly- 
mer used to mold at least a portion of the package, pref- 
erably has a gram molecular weight which is less than 
half of the gram molecular weight of the cycloolefin of 
the copolymer. Preferably the package has a cover over 
a readily opened end, and the cover comprises a poly- 
meric film, such as polyethylene or polypropylene lami- 
nated to the metal foil such as aluminum foil. 
[0041] In accordance with a preferred embodiment of 
the invention is provided a dental method of use, of a 
thermoplastic polymer, having a high permeability bar- 
rier capability for water, high chemical resistance, as at 
least a substantial portion of a package enclosing a den- 
tal composition comprising at least 3 percent by weight 
of volatile organic solvent, whereby the dental compo- 
sition is stored in the package at about 23 °C for at least 
two years and after the two years at least 90 percent of 
the volatile organic solvent remains in the package. 
Preferably the dental composition comprises at least 5 
percent by weight of volatile organic solvent. More pref- 
erably the dental composition comprising at least 10 
percent by weight of volatile organic solvent. 

Comparative Example 1 

[0042] A single unit dose rocket shaped package as 
disclosed in U.S. Patent 5 : 860 ; 806 (The Kerr corpora- 
tion) was used as packaging to enclose 132 mg of ace- 
tone-based dental adhesive. This enclosed adhesive in- 
itially contained 66.12% acetone and 33.88% non-vola- 
tile components. After 1 month storage of the adhesive 
at 50°C in the single unit dose rocket shaped package, 
evaporation of 85.4 mg +or-4.6 mg was measured, 
equaling a weight loss of 65%, indicating almost com- 
plete loss of all volatile solvent. 

[0043] Comparative Example 1 clearly shows that the 
single unit dose packaging shaped package is not suit- 
able for storing the adhesive, as the packaging does not 
have a sufficient barrier capability for the solvent. In con- 
trast, as described in Example 2, an acetone-based 
dental adhesive was stable without significant solvent 
vaporization at elevated temperatures in the packaging 
described in this invention. 

[0044] The following examples are given to show the 
suitability of copolymers of cycloolefin and open chain 



olefin as packaging materials for dental materials. 
Example 1 

5 [0045] A small container having the shape shown in 
FIGURE 1 was molded by injection molding with a wall 
thickness of about 1 mm from norbomene-ethylene-co- 
polymer, sold by Ticona GmbH as Topas 601 3. The con- 
tainer was filled with approximately 175 jil acetone and 

10 sealed by thermal welding with a laminate foil (KV 611 
— TD 131-0022, supplier: Lawson Mardon Singen, 
three layers: 12 u,m PET I 12 u,m Al I 50 u.m LDPE) to 
form a storage stable packaged dental composition. The 
packaged dental composition was then weighed and 

15 stored at elevated temperature. After 1 month at 43°C, 
the packaged dental composition was weighed again. 
No significant weight change was detected. 
[0046] Because there was no significant wieght 
change, there was no significant acetone loss after 1 

20 month at 43°C which shows that the package has a high 
barrier capability for acetone. 

[0047] Less than 2 percent by weight of dental com- 
position was lost when stored in packaging of EXAM- 
PLE 1 for one month at about 43°C. Thus, the packaging 
25 of EXAMPLE 1 is far superior to prior art packaging (see 
Comparative Example 1 ) in preventing loss of weight of 
volatile polar solvent from dental compositions enclosed 
therein. 

30 Example 2 

[0048] Three small containers each having the shape 
shown in FIGURE 1 were molded with a wall thickness 
of about 1 mm from norbomene-ethylene-copolymer, 

35 sold by Ticona GmbH as Topas 601 3 by injection mold- 
ing. The container was filled with approximately 175 u.l 
acetone-based dental adhesive (12.05 grams 2, 7, 7, 9, 
15 -pentamethyl- 4, 13 -dioxo-3, 14 -dioxa 5, 12-diaza- 
hexadecane-1,16-diyl-dimethacrylate (urethane 

40 dimethacrylate: UDMA); 7.44 grams dipentaerythritoJ 
pentacrylate phosphoric acid ester (PENTA); 0.30 
grams 2,6-di-tert-butyl-4-methyl phenol (BHT); 0.30 
grams camphorquinone; 0.89 grams 4-ethyldimethyl- 
amino- benzoate (EDAB); 0.30 grams cerylamine hy- 

45 drofluoride; 66.1 4 grams acetone; 3.46 grams 7,7,9,63,, 
63,65 hexamethyl-4,13 : 60,69-tetra-oxo-3, 14, 19, 24, 
29, 34, 39, 44, 49, 54, 59, 70 -dodecanaoxa-5, 12, 61 , 
68 -tetra-azadoheptacotane-1 , 72 diyl-dimethacrylate 
(urethane dimethacrylate resin R5-62-1 ); 2.06 grams tri- 

50 methylolpropane trimethacrylate (TMPTMA); 4.41 
grams diethylenegiycol dimethacrylate (DEGMA); and 
2.65 grams of Si0 2 having an average particle size of 
about 1 0 nm. Then the container was sealed by thermal 
welding with a laminate foil (KV 611 — TD 131-0022, 

55 supplier : Lawson Mardon Singen, three layers: 12 u.m 
PET I 12 u.m Al I 50 u.m LDPE) to form storage stable 
packaged dental compositions. Then the packaged 
dental compositions were each weighed and stored at 
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23°C, 37°C or 43°C for one month. After 1 month at 
23°C, 37°C and 43°C, the packaged dental composi- 
tions were weighed again. The weight change detected 
between the weight of the package before and after stor- 
age was — 0.56 percent after 1 month at 23°C; -1.64 
percent after 1 month at 37°C; and -1 .95 percent after 
1 month at43°C. 

[0049] Because there was no significant weight 
change, there was no significant acetone loss after 1 
month at 23°C, 37°C and 43°C ; which shows that each 
package has a high penetration barriercapability for sol- 
vent for acetone. 

Example 3 

[0050] Three small containers each having the shape 
shown in FIGURE 1 were molded with a wall thickness 
of about 1 mm from norbornene-ethylene-copoiymer, 
sold by Ticona GmbH as Topas 6013 by injection mold- 
ing. The container was filled with approximately 175 \x\ 
acetone-based dental adhesive (12.05 grams 
2,7,7,9, 1 5-pentamethyl-4, 1 3-dioxo-3, 1 4-dioxa 5,1 2-di- 
azahexadecane-1 ,1 6-diyl-dimethacrylate (urethane 
dimethacrylate: UDMA); 7.44 grams dipentaerythritol 
pentacrylate phosphoric acid ester (PENTA); 0.30 
grams 2 ) 6-di-tert-butyl-4-methyl phenol (BHT); 0.30 
grams camphorquinone; 0.89 grams 4-ethyldimethyl- 
amino- benzoate (EDAB); 0.30 grams cetylamine hy- 
drofluoride; 66. 14 grams acetone; 3.46 grams 7,7,9,63,, 
63,65 hexamethyl-4,13,60,69-tetra-oxo-3, 14, 19, 24, 
29, 34, 39, 44, 49, 54, 59, 70 -dodecanaoxa- 
5,12,61 .68-tetra-azadoheptacotane-1 , 72 diyl-dimeth- 
acrylate (urethane dimethacrylate resin R5-62-1); 2.06 
grams trimethylolpropane trimeth aery late (TMPTMA); 
4.41 grams diethyleneglycol dimethacrylate (DEGMA); 
and 2.65 grams of Si0 2 having an average particle size 
of about 1 0 nm. Then the container was sealed by ther- 
mal welding with a laminate foil (KV 611 — TD 
131-0022, supplier : Lawson Mardon Singen, three lay- 
ers: 12 u.m PET 1 12 jim Al I 50jxm LDPE)toform storage 
stable packaged dental compositions. Then the pack- 
aged dental compositions were each weighed and 
stored at 37°C for two weeks. After 2 weeks at 37°C, 
the packaged dental compositions were weighed again. 
No significant wieght change was detected. The con- 
tainers were then opened and adhesive properties of the 
acelone-based dental adhesive were tested by using 
the adhesive in a shear bond strength test. The values 
obtained (with NRC pretreatment, one coat of the adhe- 
sive, restorative material Spectrum TPH) were 26.7 
MPa ± 3.5 MPa to dentin (before storage: 24.9 ± 4.5 
MPa) and 23.1 ± 4.6 MPa to enamel (before storage: 
20.5 ± 3.9 MPa). This shows that the adhesive proper- 
ties of the adhesive were not adversely affected by the 
storage in the sealed containers at elevated tempera- 
ture. 
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Example 4 

[0051 ] A small container and a plug having the shapes 
shown in FIGURE 6 are molded by injection molding 

5 with a wall thickness of about 1 mm from norbornene- 
ethylene-copoiymer, sold by Ticona GmbH as Topas 
6013. The container was filled with approximately 175 
uJ acetone and then plugged with the plug to form a stor- 
age stable dental composition packaged in a plugged 

10 container as shown in FIGURE 8. The packaged dental 
composition is then weighed and stored at elevatedtem- 
perature. After 1 month at 43°C, the packaged dental 
composition is weighed again. No significant weight 
change is detected. 

15 [0052] Because there is no significant wieght change, 
there is no significant acetone loss after 1 month at 43°C 
which shows that the package has a high barrier capa- 
bility for acetone. 

[0053] Less than 2 percent by weight of dental com- 
20 position is lost when stored in packaging of EXAMPLE 
4 for one month at about 43°C. Thus, the packaging of 
EXAMPLE 4 is far superior to prior art packaging (see 
Comparative Example I) in preventing loss of weight of 
volatile polar solvent from denial compositions enclosed 
25 therein. 

Example 5 

[0054] The storage stable packaged dental composi- 
te? tion shown in FIGURE 8 and formed and stored as de- 
cribed in Example 4 is held by the user with the central 
container axis positioned in a vertically and with base 
portion ( 1 28) of container (116) between the thumb and 
forefinger of one hand and plugged top portion (130) of 
35 container (1 1 6) between the thumb and forefinger of the 
other hand Dental composition (114) which comprises 
a volatile organic solvent and a polymerizable material 
flows into base portion ( 1 28) of container (116). The user 
bends the container (116) which breaks at the notch 
-to (126) which forms a groove which circumscribes con- 
tainer (1 1 6) . The user discards plugged top portion (1 30) 
of container (116). The user places the base portion 
(1 28) of container (116) which contains the dental com- 
position (1 1 4) in a holder supported on a horizontal sur- 
45 face to support it in the same manner as container (1 6) 
is supported in holder (20) which is supported on a hor- 
izontal surface (24); as shown in FIGURE 3. The user 
then dips an applicator brush through the broken end of 
the base portion (1 28) of container (1 1 6) into the dental 
50 composition (114) and then lifts the applicator brush with 
a portion of the dental composition (114) out of the the 
base portion (128) of container (116). The user then us- 
es the applicator brush to apply the dental composition 
(114) to a tooth in a patient's mouth. 
55 [0055] Various alterations and modifications of the in- 
vention will be apparent to those of ordinary skill in the 
art without departing from the scope and spirit of this 
invention. Accordingly, it should be understood that the 
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invention is not limited to the illustrative embodiments 
set forth herein. 



Claims 

1 . A dental method of use of a thermoplastic polymer, 
having a high permeability barrier capability for wa- 
ter high chemical resistance, as at least a substan- 
tial portion of a package enclosing a dental compo- 
sition, said dental composition comprising at least 
3 percent by weight of volatile organic solvent, 
whereby said dental composition is stored in said 
package at about 23 °C for at least two Years and 
after said two years at least 90 percent of said vol- 
atile organic solvent remains in said package. 

2. The use of a thermoplastic polymer of claim 1. 
wherein said thermoplastic polymer is injection 
molded, and said high permeability barrier capabil- 
ity for water is characterized by a water vapor per- 
meability at 23°C and 85% relative humidity of be- 
low 0.06 (g) ( mm) ( nr 2 )( d* 1 ) as measured by DIN 
53122. 

3. The use of a thermoplastic polymer as in claim 1 , 
wherein the packaging comprises a molded con- 
tainer and a molded plug. 
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package, 

said package comprising a container, said con- 
tainer comprising a copolymer of a cycloolefin 
and an open chain olefin, 
5 said dental composition, comprising a volatile 

organic solvent and a polymerizable material. 

10. The storage stable packaged dental composition of 
claim 9 wherein said package further comprises a 

10 closure. 

11 . The storage stable packaged dental composition of 
claim 10 wherein said closure comprises a metal 
foil. 

15 

12. The storage stable packaged dental composition of 
claim 1 0 wherein said closure comprises a thermo- 
plastic layer. 

20 1 3. The storage stable packaged dental composition of 
claim 10 wherein said closure comprises a lacquer 
coating. 

14. The storage stable packaged dental composition of 
25 claim 9 wherein said packaged dental composition 
is stored at about 23 °C for at least one year and at 
least 80 percent of said volatile organic solvent re- 
mains in said package. 



4. The use of a thermoplastic polymer as in claim 3, 30 
wherein said container has a body, and said body 
has a groove, said groove substantially circum- 
scribing said body. 

5. The use of a thermoplastic polymer as in claim 1 , 35 
wherein said container is closed by a cover, said 
cover comprising a film laminated to a metal foil said 
film comprising a copolymer of a cycloolefin and a 
open open chain olefin, and said cover is sealed to 
said container. 40 

6. The use of a thermoplastic polymer as in claim 1 , 
wherein the thermoplastic polymer is a copolymer 
of a cycloolefin and an open chain olefin. 

45 

7. The use of a thermoplastic polymer as in claim 6. 
wherein the cycloolefin is norbornene and the olefin 
is ethylene. 

8. The use of a thermoplastic polymer as in claim 5, 50 
wherein the dental composition is a single unit dos- 
age packaged in said container. 

9. A storage stable packaged dental composition, 
comprising: 55 

a package and a dental composition, 

said dental composition being enclosed by said 



15. The storage stable packaged dental composition of 
claim 9 wherein said packaged dental composition 
is stored at about 23° C for at least two years and at 
least 90 percent of said volatile organic solvent re- 
mains in said package. 

16. The storage stable packaged dental composition of 
claim 9 wherein said packaged dental composition 
is stored at about 23°C for at least two years and at 
least 95 percent of said volatile organic solvent re- 
mains in said package. 

17. The storage stable packaged dental composition of 
claim 9 wherein said volatile organic solvent com- 
prises acetone. 

18. The storage stable packaged dental composition of 
claim 9 wherein said packaged dental composition 
is at least 20 percent by weight acetone both before 
and after storage at about 23 °C for two years and 
at least 95 percent of said volatile organic solvent 
remains in said package after said storage. 

1 9. The storage stable packaged dental composition of 
claim 9 wherein said packaged dental composition 
is at least 20 percent by weight acetone both before 
and after storage at about 23 °C for one year and 
at least 90 percent of said acetone remains in said 
package after said storage. 
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20. The storage stable packaged dental composition of 
claim 9 wherein said packaged dental composition 
is at least 40 percent by weight acetone both before 
and after storage at about 23 °C for two years and 
at least 95 percent of said volatile organic solvent 
remains in said package after said storage. 

21 . The storage stable packaged dental composition of 
claim 9 whoroin said packaged dental composition 
is at least 40 percent by weight acetone both before 
and after storage at about 23 °C for one year and 
at least 90 percent of said acetone remains in said 
package after said storage. 

22. The storage stable packaged dental composition of 
claim 9 wherein said packaged dental composition 
is at least 50 percent by weight acetone both before 
and after storage at about 23 °C for two years and 
at least 95 percent of said volatile organic solvent 
remains in said package after said storage. 

23. The storage stable packaged dental composition of 
claim 9 wherein said packaged dental composition 
is at least 50 percent by weight acetone both before 
and after storage at about 23 °C for one year and 
at least 90 percent of said acetone remains in said 
package after said storage. 

24. A storage stable packaged dental composition, 
comprising: 

a package and a dental composition, 

said dental composition being enclosed by said 

package, 

said package comprising a container, said con- 
tainer comprising a copolymer of a cycloolefin 
and an open chain olefin, 
said dental composition comprising a solvent 
and a polymerizable material, 
said packaged dental composition being at 
least 10 percent by weight solvent both before 
and after storage at about 43°C for one week 
and at least 99 percent of said solvent remains 
in said package after said storage. 

25. The storage stable packaged dental composition of 
claim 24 wherein at least 99.5 percent of said sol- 
vent remains in said package after said storage. 

26. The storage stable packaged dental composition of 
claim 24 wherein at least 99.8 percent of said sol- 
vent remains in said package after said storage. 

27. The storage stable packaged dental composition of 
claim 24 wherein said solvent is a volatile organic 
solvent and at least 99.9 percent of said solvent re- 
mains in said package after said storage. 



28. A method of storing polymerizable material, com- 
prising: providing a dental composition and a pack- 
age, said package substantially enclosing said den- 
tal composition, said dental composition comprising 

5 a polar organic solvent at least a portion of said 

package comprising a thermoplastic polymer com- 
prising a copolymer of a cycloolefin and an open 
chain olefin and having a high permeability barrier 
capability for water and high chemical resistance, 

10 whereby when said dental composition is stored at 
about 23 °C in said package for at least two years 
and at least 90 percent of said polar organic solvent 
remains in said package. 

is 29. The method of claim 28 wherein said dental com- 
position, initially comprises at least 10 percent by 
weight of said solvent before storage at about 43°C 
for one week and at least 99 percent of said solvent 
remains in said package after said storage. 

20 

30. The method of claim 28 wherein said dental com- 
position, initially comprises at least 15 percent by 
weight of said solvent before storage at about 43°C 
for one week and at least 99.8 percent of said sol- 

25 vent remains in said package after said storage. 

31 . A packed dental product, comprising: 

a dental composition and 
30 a package, 

said package comprising a container and a clo- 
sure, 

said package substantially enclosing said den- 
tal composition, 
35 said dental composition comprising a solvent, 

at least a portion of said container comprising 
a thermoplastic polymer comprising a copoly- 
mer of a cycloolefin and an open chain olefin 
and having a high permeability barrier capabil- 
40 ity for water and high chemical resistance, 

whereby when said dental composition is 
stored at about 23°C in said package for at least 
two years and at least 99 percent of said dental 
composition remains in said package. 

45 

32. The product or claim 31 wherein said closure com- 
prises a molded polymeric material or a polymeric 
film laminated to a foil. 

so 33. The product of claim 31 wherein said container 
comprises injection molded polymeric material, 
said container has a notch and said container is 
readily broken at said notch, and said closure com- 
prises injection molded polymeric material. 

55 

34. The product of claim 31 wherein said package has 
a longest dimension less than 4 cm. 



15 29. 
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35. , The product of claim 31 wherein said container has 
a longest dimension less than 2 cm. 

36. The product of claim 31 wherein said container has 
a longest dimension less than 1 cm. 

37. The product of claim 31 wherein said cover com- 
prises a metal foil. 

38. The product of claim 31 wherein said cover closure 
comprises a thermoplastic polymer comprising a 
copolymer of a cycloolefin and an olefin and having 
a high permeability barrier capability for water and 
high chemical resistance. 

39. The product of claim 31 wherein said copolymer has 
a permeability to water of less than 0.07 (g)(mm/m 2 ) 
(24 hours) at 23°C and 85% relative humidity. 

40. The product of claim 31 wherein said copolymer has 20 
a permeability to water of less than 0.05 (g)(mnVm 2 ) 

(24 hours) at 23°C and 85% relative humidity. 
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41. A stored packaged dental product by the process 
comprising: 



25 



enclosing a dental composition having at least 
one volatile component in a package, at least 
a substantial portion of said package compris- 
ing thermoplastic polymer having a high chem- 30 
ical resistance and a high permeability barrier 
capability for water, and 
storing said dental composition in said package 
for at least two weeks at 37°C and after said 
two weeks at least 90 percent of said volatile 35 
component remains in said package. 

42. A stored packaged dental product by the process 
comprising: 

enclosing a dental composition in a package, *o 
at least a substantial portion of said package com- 
prising an injection molded thermoplastic copoly- 
mer of a cycloolefin and an open chain olefin, and 
storing said dental composition in said package for 
at least 1 week. 45 

43. The product of claim 40 wherein said dental com- 
position is a single unit dosage and said thermo- 
plastic polymer has a high chemical resistance, a 
high penetration barrier capability for water, high so 
penetration barrier capability for solvent and a high 
permeability barrier capability for water. 
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Fig. 4 
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Fig. 5 
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